Diffusion of moving particles in stationary disordered media is studied using a phenomenological mode-coupling theory. The presence of disorder leads to a generalized diffusion equation with memory kernels having power law long time tails. The velocity autocorrelation function is found to decay like t -(a/2+1), while the time correlation function associated with the super-Burnett coefficient decays like t -d/2 for long times. The theory is applicable to a wide variety of dynamical and stochastic systems including the Lorentz gas and hopping models. We find new, general expressions for the coefficients of the long time tails which agree with previous results for exactly solvable hopping models and with the low-density results obtained for the Lorentz gas. Finally we mention that if the moving particles are charged, then the long time tails imply that there is an w a/2 contribution to the low-frequency part of the frequency-dependent electrical conductivity.
INTRODUCTION
In this paper we consider some features of the theory of diffusion of particles in a stationary random medium. Our aim is to construct a mode Institute coupling theory for describing the large distance and long time properties of diffusive processes. The result of this analysis is that the presence of disorder in the medium leads to long time correlations that must be taken into account when formulating a macroscopic diffusion equation. The resulting generalized diffusion equation includes memory kernels with slow power law decays, i.e., "long time tails." These occur in the ordinary diffusion term as well as in super-Burnett and higher-order terms. In particular, we will show that the diffusive memory kernel decays like t -(d+2)/2 for long times t, were d is the dimensionality of the system. In the context of conductivity problems this result corresponds to a frequency dependence of the conductivity as ~0 ~ 0. The theory presented here is applicable to a wide variety of dynamical and stochastic systems. As an important example, we will consider the Lorentz gas (1-3) where the medium is composed of fixed scatterers, usually hard spheres or hard disks. The scatterers are distributed at random, and noninteracting point particles move freely between elastic collisions with the scatterers.
The theory can also be used to describe hopping conductivity. (4's~ Here the medium is a collection of centers from which a moving particle "hops" to neighboring centers with a randomly chosen set of transition rates that govern the jumps to neighboring sites. The "microscopic" motion of the diffusing particle must then be described by a master equation.
Other applications of the theory are to the motion of a particle in a general random potential, of which the Lorentz gas may be considered a special case, and to electrical conduction in a random resistor network. In a subsequent paper we will apply our theory to a variety of examples including the Lorentz gas and several hopping problems. In the present paper we develop the general theory.
We will treat all of these problems within the same framework by taking a coarse-grained view. That is, the description of the detailed structure of the medium is replaced by a simpler one, specified solely by a spatially varying diffusion tensor and a quantity related to the free volume; both of which will be defined below. Spatial variations in these quantities replace the disorder in the original medium. We then treat the resulting fluctuating diffusion equation by the methods of mode-coupling theory. These enable us to obtain the asymptotic long time parts of the memory kernels for the generalized diffusion coefficient and the super-Burnett coefficient.
The motivation of this work stems from the close analogy between transport processes in fluids and transport processes in disordered diffusive media, particularly the Lorentz gas. In the case of fluids, long time tails were first discovered by Alder and Wainwright (6~ in their computer simula-
